UC are also at high risk for CMV reactivation because they are frequently treated with immunosuppressive drugs.
The current guideline recommends that CMV colitis should be excluded in immunomodulator refractory cases of IBD before increasing immunomodulator therapy. 5 Therefore, the presence of CMV colitis should be confirmed in patients with an exacerbation of UC, especially refractory colitis. The CMV antigenemia assay detects the CMV pp65 antigen in circulating polymorphonuclear neutrophils (PMNs) in the blood by staining with fluorescent antibodies that are 
INTRODUCTION
Human cytomegalovirus (CMV) infection is common, and the prevalence of CMV infection has been estimated to range from 30% to 100% worldwide, depending on the age of the populations tested.
1 CMV reactivation usually occurs as an opportunistic infection and leads to morbidity or mortality in immunocompromised individuals. 2 Patients with www.irjournal.org specific for pp65 antigens. 4 Previous studies have shown that this semiquantitative technique is useful for diagnosing and monitoring CMV infection in immunocompromised patients, such as bone marrow 6 and solid organ (e.g., kidney
and liver) transplant recipients, [7] [8] [9] or those with acquired immunodeficiency syndrome (AIDS). 10, 11 Furthermore, CMV antigenemia-guided pre-emptive ganciclovir therapy was effective in patients who received allogenic hematopoietic stem cell transplantation. 12 However, the clinical usefulness of the CMV antigenemia assay in patients with UC has rarely been studied. The aim of this study was to assess whether the CMV antigenemia assay detects CMV colitis and predicts clinical outcomes in patients with moderate-to-severe UC.
METHODS

Study Population and Protocol
We retrospectively reviewed the medical records of moderate-to-severe UC patients aged >18 years who were hospitalized due to an acute exacerbation at Seoul National University Hospital from July 2003 to June 2012. Those patients who underwent the CMV antigenemia assay at the time of admission were enrolled. Based on each physician's decision, the CMV antigenemia assay was performed to evaluate CMV reactivation. The diagnosis of UC was based on clinical, endoscopic, radiologic, and histologic findings. UC severity was assessed using the Mayo Clinic scoring system. 13 All patients had Mayo Clinic scores (disease activity index) between 6 and 12 and underwent a colonoscopy or sigmoidoscopy at the time of admission. The initial evaluation for CMV colitis was performed using the CMV antigenemia assay and endoscopic and histopathologic examination. Patients who had previously undergone solid organ transplantation were excluded. Generally, patients were treated with an intravenous highdose corticosteroid (300−400 mg/day hydrocortisone) for 7 to 14 days until clinical improvement was observed. As defined by the Mayo Clinic scoring system, clinical improvement was considered a greater than 2-point decline in the Mayo Clinic score compared with the initial score. Steroid refractoriness was defined as the absence of clinical improvement after a 7-to 14-day course of intravenous high-dose steroids, regardless of the CMV infection status. 14, 15 After the steroid therapy, a repeat colonoscopy or sigmoidoscopy was performed with reevaluation for concomitant CMV colitis and Clostridium difficile infection, especially in patients with steroid refractoriness. A stool culture was also performed for diagnosis of C. Difficile infection in patients with steroid refractoriness. Corticosteroids were continued and properly tapered in patients who responded to the high-dose regime.
In patients with steroid refractoriness and concomitant CMV colitis, intravenous ganciclovir was administered at 5 mg/kg every 12 hours for 2 weeks. In patients with steroid refractoriness and without CMV colitis, rescue therapy with cyclosporine, infliximab, empirical ganciclovir, or a colectomy was performed at the physician' s discretion. The primary clinical outcome was steroid refractoriness. The secondary clinical outcome was the need for colectomy within 2 months due to failure of the medical treatment. The institutional review board at Seoul National University Hospital approved this study.
Endoscopic Evaluation for Severity and Extent of Colitis
All of the endoscopic images were digitalized and retrospectively reviewed by a single, experienced endoscopist who was blinded to the patient information. The endoscopic severity of UC was assessed using the Matts grading system. 16 The endoscopic severity of UC was scored as follows:
normal=1, mild granularity and edema=2, marked granularity, edema, and spontaneous bleeding=3, and severe ulceration=4. Left-sided colitis referred to inflammation extending up to, but not beyond, the splenic flexure. Extensive colitis was defined as disease extending beyond the splenic flexure.
CMV Antigenemia Assay
The CMV antigenemia assays were performed using ethylenediaminetetraacetic acid-treated whole blood samples, according to previously reported methods. 17 In short, the blood samples were fractionated by dextran sedimentation and erythrocyte lysis. A cytospin slide was prepared after centrifugation of the blood samples, fixed with formaldehyde, sequentially immunostained with a monoclonal antibody (C10/C11) against the pp65 antigen (Clonab CMV; Biotest, Dreieich, Germany), and reacted with fluorescein isothiocyanate-conjugated goat anti-mouse IgG antibody (Clonab Ig-fluorescein isothiocyanate; Biotest, Dreieich, Germany). The results were expressed as the number of CMV pp65-positive cells per slide, with each slide containing 2×10 5 PMNs. Positive CMV antigenemia was defined as at least 1 pp65-positive cell per 2×10 5 PMNs. www.irjournal.org
Histologic Evaluation and Definition of CMV Colitis
An initial colonoscopy or sigmoidoscopy was performed to assess the severity of UC and the presence of concomitant CMV colitis. If ulcers were present, multiple biopsies were obtained at the margin and base of the largest ulcer for histologic examination. If no ulcer was detected, biopsies were obtained from the areas with the most severe inflammation. Colonic biopsy specimens were evaluated with H&E staining and immunohistochemical (IHC) staining using monoclonal antibodies against CMV. CMV colitis was defined as the presence of at least one inclusion body in the H&E-stained sections and/or positive IHC staining for CMV in the colonic mucosa from the initial endoscopy. 15, 18 
Statistical Analysis
Statistical analysis was performed with SPSS (version 17.0; Chicago, IL, USA). Pearson's chi-squared test, Fisher's exact test, and Student' s t-test were used, as appropriate, to calculate the statistical significance of the demographic and clinical variables. The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated for the ability of the positive CMV antigenemia assay to predict CMV colitis using 2×2 tables. The receiver operating characteristic curve was used to determine the cutoff value of the CMV antigenemia assay for detecting CMV colitis. Multivariate analysis with binary logistic regression models was used to identify risk factors for steroid refractoriness. P-values <0.05 were considered statistically significant.
RESULTS
Baseline Demographic and Clinical Characteristics
We retrospectively reviewed the medical records of 146 moderate-to-severe UC patients aged >18 years who were hospitalized due to an acute exacerbation from July 2003 to June 2012. Of those, 46 patients in whom the CMV antigenemia assay was performed at the time of hospitalization were included. Among them, 3 were excluded due to a past medical history of solid organ transplantation (2 patients) or due to insufficient information in the medical records (1 patient). Finally, 43 patients with moderate-to-severe active UC were enrolled in the study. The study population comprised 20 males (46.5%), and the mean age was 49.2±16.1 years (range, 24−92). There were 25 (58.1%) and 18 (41.9%) patients with left-sided colitis and extensive colitis, respectively.
The mean initial disease activity index was 10.1±1.7, and the UC was severe in 20 (46.5%) patients according to the Mayo Clinic scoring system. The mean Matts grade was 3.6±0.6. In addition, 29 (67.4%) patients had been treated with corticosteroids, 3 (7.0%) with azathioprine, and 3 (7.0%) with cyclosporine prior to hospitalization. CMV antigenemia was detected in 12 (27.9%) patients. There were no significant differences in terms of the baseline characteristics between the positive and negative CMV antigenemia groups, except for the extent of colitis (P=0.006) and the endoscopic severity measured by the Matts grading system (P=0.042) ( Table 1 ).
Diagnostic Performance of the CMV Antigenemia
Assay for CMV Colitis CMV colitis was diagnosed in 8 (66.7%) of 12 patients positive for CMV antigenemia in H&E-stained slides and/ or positive IHC staining for CMV. In contrast, 4 (12.9%) of 31 patients negative for CMV antigenemia had CMV colitis. Positive CMV antigenemia was significantly associated with CMV colitis (P=0.001).
The sensitivity, specificity, PPV, and NPV of a positive CMV antigenemia assay (defined as ≥1 pp65-positive cell per 
CMV Antigenemia and Clinical Outcomes
The clinical characteristics and outcomes of the 12 patients positive for CMV antigenemia are shown in Table 2 . The titers of the CMV antigenemia assay ranged from 1 to 11 pp65-positive cells per 2×10 5 PMNs. 9 (75.0%) of these patients had extensive colitis. According to the Mayo Clinic scoring system, UC was severe in 7 (58.3%) patients. 1 (8.3%) patient responded to high-dose steroid therapy (No. 7 in Table 2 ), and the remaining 11 (91.7%) had steroidrefractory UC. Of the 11 patients with steroid refractoriness, 8 (72.7%) were treated with ganciclovir due to concomitant CMV colitis (No. 1, 4−6, and 8−11 in Table 2 ). 6 (75.0%) of the 8 patients with steroid refractoriness and concomitant CMV colitis went into remission after ganciclovir therapy for 2 weeks (No. 1, 6, and 8−11 in Table 2 ). Of the 3 patients with www.irjournal.org Table 2 ). The quantitative titer of the CMV antigenemia assay was not associated with the extent and severity of UC in the patients positive for CMV antigenemia. Moreover, the quantitative titer of the assay was not associated with steroid refractoriness and the colectomy requirement in the patients positive for CMV antigenemia.
The clinical course in all 43 patients is shown in Fig. 2 . Overall, 23 (53.5%) patients had steroid-refractory UC, and 11 (25.6%) received a colectomy within 2 months. Among 12 steroid-refractory UC patients without initially concomitant CMV colitis, none had complicated CMV and C. difficile infection after high-dose steroid therapy. Of the 31 patients negative for CMV antigenemia, steroid refractoriness was found in 12 (38.7%) patients. Of these, 3 (25.0%) patients with steroid refractoriness and concomitant CMV colitis received ganciclovir therapy for 2 weeks. The clinical outcomes were improved after ganciclovir alone in 1 patient, after rescue therapy with infliximab in 1 patient, and after colectomy in 1 patient. Of the 9 steroid-refractory UC patients negative for CMV antigenemia without CMV colitis, 4 (44.4%) went into remission after empirical ganciclovir (1 patient) or cyclosporine therapy (3 patients), and the remaining 5 (55.6%) underwent a colectomy within 2 months. 1 (5.3%) of the 19 steroid-responsive UC patients negative for CMV antigenemia underwent a delayed colectomy for complicated colonic perforation.
Positive CMV antigenemia was strongly associated with steroid refractoriness (P=0.002). The titer of the CMV antigenemia assay showed a tendency to be higher in the pa- 
Prediction of Steroid Refractoriness
The predictive factors for steroid refractoriness under univariate analyses were positive CMV antigenemia (P=0.002), a shorter duration from the diagnosis of UC (P =0.003), extensive colitis (P=0.037) and previous oral corticosteroid administration (P =0.039). Multivariate analysis indicated that steroid refractoriness was significantly more common in patients positive for CMV antigenemia (adjusted OR, 7.73; 95% CI, 1.22−49.19; P=0.030) and in those with a shorter duration from the diagnosis of UC (adjusted OR, 0.99; 95% CI, 0.98−0.99; P=0.025) ( Table 4 ).
DISCUSSION
We determined that positive CMV antigenemia was an independent predictor of steroid refractoriness in patients with moderate-to-severe UC. Although systemic corticosteroids remain the standard treatment for patients with an exacerbation of UC, approximately 27% of patients require an early colectomy after corticosteroids. 19 Rescue therapies, including cyclosporine or infliximab, have been shown to be effective in preventing the requirement for an early colectomy. [20] [21] [22] Thus, the identification of early predictors of steroid-refractory UC would avoid the ineffective continuation of corticosteroids, and facilitate a more timely initiation second-line rescue therapy. In this study, both positive CMV antigenemia and CMV colitis were significantly common in patients with steroid-refractory UC. In accordance with our results, previous reports have shown that severe refractory colitis is associated with documented CMV colitis in patients with an exacerbation of UC. 23 Moreover, many retrospective studies have reported that 82% of UC patients with a CMV infection are nonresponders to corticosteroids, suggesting that CMV colitis is CMV colitis (+) n=3
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Colectomy n=1 In contrast, a previous study demonstrated that CMV reactivation did not affect the rates of remission and colectomy in patients with moderate-to-severe UC. 25 In the study, however, the rate of early rescue therapy with cyclosporine was significantly higher in UC patients with CMV reactivation than in those without CMV reactivation, which could improve the rate of remission in those with CMV reactivation. 25 Therefore, these findings support the hypothesis that early rescue therapy in patients with an exacerbation of UC and concomitant CMV reactivation reduces the requirement for colectomy. In this study, 7 (63.6%) of the 11 patients with steroid refractoriness improved following rescue therapy with ganciclovir (6 patients) or cyclosporine (1 patient), and there was no association between the detection of CMV antigenemia and need for colectomy. The detection of CMV antigenemia, which is indicative of CMV reactivation, can be a good predictor that allows for the early detection of steroid-refractory UC and indicates the need for rescue therapy. Because the CMV antigenemia assay has a short processing time (less than 6 hours) and does not require a specialized laboratory, 26 it is expected to be a clinically useful method for the early prediction of steroid-refractory UC. We showed that 75% of steroid-refractory UC patients positive for CMV antigenemia with concomitant CMV colitis went into remission after ganciclovir treatment. Kim et al. 15 reported that ganciclovir might be the treatment of choice in 25 demonstrated that 72% of patients with CMV reactivation entered remission without antiviral therapy after conventional immunosuppressant therapy, but that none showed any evidence of CMV colitis in their colonic tissue. In an earlier report, 5 of 6 (83.3%) patients with UC and concomitant CMV colitis responded to ganciclovir, 27 a finding that is comparable with our results. These findings suggest that antiviral therapy might be beneficial for patients with steroid-refractory UC and concomitant CMV colitis. Because positive CMV antigenemia showed a high risk of steroid refractoriness, moderate-to-severe UC patients positive for CMV antigenemia should be carefully evaluated for concomitant CMV colitis using endoscopic and histologic examinations. Additionally, early ganciclovir treatment might be considered as a rescue therapy in patients positive for CMV antigenemia with concomitant CMV colitis. The CMV antigenemia assay is a widely used method for detecting CMV reactivation in a variety of clinical settings. 28 In general, the detection of CMV pp65-positive cells has a sensitivity of 60−100% and a specificity of 83−100% for CMV reactivation. 29 However, few studies have examined the diagnostic value for CMV colitis in UC patients. In the present study, the sensitivity and specificity of the positive CMV antigenemia assay for diagnosing CMV colitis in patients with moderate-to-severe UC were 66.7% and 87.1%, respectively. These results are in agreement with those of a recent study showing the diagnostic performance of the CMV antigenemia assay in UC patients. 30 In addition, an earlier study reported that the sensitivity and specificity of the CMV antigenemia assay for CMV gastrointestinal disease were 54% and 88% respectively in 121 patients with secondary immunodeficiency diseases. 31 In 99 immunocompromised patients, none of who had IBD, the sensitivity and specificity of the CMV antigenemia assay for CMV gastrointestinal disease were 65.4% and 93.6%, respectively. 32 Our results in UC patients were comparable with those reported by earlier studies conducted in populations with other immunodeficiency diseases. These findings suggest that the CMV antigenemia assay has low sensitivity but high specificity for detecting CMV colitis in immunocompromised patients regardless of the underlying disease status. We also determined that the cut-off level of 2 pp65-positive cells per 2×10 5 PMNs showed the highest sensitivity and specificity for diagnosing CMV colitis. However, this threshold might be of limited value due to the minimal difference in the specificity between the cut-off values of one and 2 pp65-positive cells. We showed that the maximum level measured in the CMV antigenemia assay in patients with UC was 11 pp65-positive cells per 2×10 5 PMNs. Our results are in agreement with those of a prospective study in which the titer of the CMV antigenemia assay was 1 pp65-positive cell in 47.1% of UC patients positive for CMV antigenemia, and only 1 (5.9%) patient showed more than 10 positive cells. 25 In fact, the ranges of the CMV antigenemia assay vary among patient settings. In a previous report involving patients who underwent autologous marrow or peripheral blood stem cell transplantation, the maximum level of the assay was 135 pp65-positive cells. 33 In other reports, a cut-off level of 25 pp65-positive cells showed the highest PPV for symptomatic CMV infection in renal transplant recipients. 34, 35 Therefore, patients with an exacerbation of UC have a relatively low viral load in their blood because they were treated with less intensive immunosuppressive agents than those used for bone marrow or solid organ transplant recipients.
We also demonstrated that a shorter duration of disease was an independent predictor for steroid refractoriness in active UC patients. Some studies have demonstrated that a shorter duration of disease predicts therapeutic failure in active UC patients treated with intravenous corticosteroids, 30, 36 while others found no association between duration of disease and the response to systemic corticosteroids. 37, 38 Recently, Garcia-Planella et al. 39 demonstrated that the earlier systemic corticosteroids were introduced in the course of UC, the higher the risk of relapse and corticosteroids reintroduction was. It suggests that the sooner systemic corticosteroids are required from the time of UC diagnosis, the poorer is the prognosis. Therefore, close monitoring followed by rescue therapy might be considered for active UC patients who required intravenous high dose corticosteroids in the early course of disease. Our study has several limitations due to its retrospective nature.
First, selection bias might occur because only hospitalized patients who were tested for CMV antigenemia were included. Because the CMV antigenemia assay was performed based on each physician' s decision, it is possible that more patients with concomitant CMV colitis and steroid-refractory UC were included in this study. Moreover, the patients who were enrolled in the tertiary care hospital-based study may be biased toward those with more severe colitis and poorer prognosis than the cases in population-based studies.
Second, the sample size was small. We showed that symp-www.irjournal.org tom severity, laboratory parameters such as CRP or serum albumin, disease extent, and endoscopic severity could not predict lack of response to systemic corticosteroids in patients with an exacerbation of UC. Although many studies reported an extreme variety in results regarding the predictive factors for steroid refractoriness in patients with an exacerbation of UC, 19 a significant difference might not have been confirmed among independent predictors due to the selection bias or small sample size in our study. Third, a follow-up CMV antigenemia assay was not routinely carried out. Among eight steroid-refractory UC patients positive for CMV antigenemia, seroconversion was confirmed by a follow-up CMV antigenemia assay after ganciclovir treatment in three patients who showed improvement. In contrast, it was unclear whether seroconversion could occur in the other 5 patients because they did not undergo the follow-up testing.
Fourth, colonic tissue PCR for CMV DNA was not performed for diagnosing CMV colitis. The guideline recommends that CMV colitis should be evaluated, preferably by tissue PCR or IHC, in refractory UC patients. 5 Moreover, a previous study showed that CMV DNA load in inflamed colonic tissue predicts the resistance to intravenous steroids in patients with exacerbation of UC. 40 This suggests that the detection of CMV DNA in colon tissue without histological features of CMV colitis may represent low-level reactivation of CMV. Finally PCR detection of CMV DNA in blood was not conducted in this study, and the titers of the CMV antigenemia assays could not be compared to blood CMV DNA levels.
In conclusion, the CMV antigenemia assay has low sensitivity but high specificity for detecting CMV colitis, and may predict steroid refractoriness in patients with moderate-tosevere UC. We suggest that early rescue therapy with cyclosporine or infliximab should be considered in moderate-tosevere UC patients with CMV antigenemia.
